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TECHNICAL NOTE
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Renal vein thrombosis causes structural changes, such as
nephromegaly, dilatation of the renal vein due to the thrombus,
and the development of collaterals [1, 21. Diagnosis of renal
vein thrombosis by detecting these changes through intrave-
nous pyelography [3, 4] or gray scale ultrasonography [5, 61 has
been hampered by the limited resolution of the techniques and
the infrequency and variability with which these structural
alterations occur, especially in chronic renal vein thrombosis
[71. Radiographic demonstration of a persistent filling defect in
the vein by either renal venography [8, 91 or by selective renal
arteriography during the venous phase [101 are the only defini-
tive procedures available. The diagnosis of renal vein thrombo-
sis has not been attempted by measuring the altered hemody-
namics of renal venous blood flow, such as a reduction in the
velocity of venous blood flow that is expected to occur proxi-
mal to a renal vein thrombus. Recent advances in pulsed
Doppler ultrasonic techniques have made it possible to measure
flow velocity characteristics in both the normal and the dis-
eased vessels [11—14]. Noninvasive pulsed Doppler flowmetry
has not been previously used to study renal veins in humans.
The purpose of this study was to assess the feasibility of
noninvasively diagnosing thrombosis of renal veins with the use
of image-guided high resolution pulsed Doppler flowmetry.
Utilizing this method, we measured renal venous blood flow
velocity in 12 normal subjects and in 11 patients who had
undergone renal venography.
Methods: Instrumentation. We used a real-time echo-Dopp-
ler Duplex Scanner Model Mark V (Advance Technology
Laboratories, Bellevue, Washington) whose theoretical and
technical characterization has been described previously in
detail [12—161. Basically, the device incorporates a commercial-
ly available real-time, two-dimensional 90° sector ultrasonic
imager duplexed with a range-gated pulsed Doppler unit. The
duplex method is based upon the ability of the system to define
the walls along the longitudinal axis of an imaged vessel.
Simultaneously, the detected pulsed Doppler ultrasound audio
spectra are used to measure the blood velocities within the
imaged vein. The pulsed Doppler system can be operated at
pulsed repetition frequencies ranging from 4.2 to 19.0 kHz.
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Consequently, unaliased maximum blood velocity measure-
ments ranging from approximately 70 to 300 cm see' at a
Doppler angle of 60° can be made [17]. Both the imaging and
Doppler systems are operated at 3.0 or 5.0 MHz and are
connected to a single scanhead. The Doppler beam axis can be
moved to any location in the 90° sector scan. The sample
volume can be placed at any given point 3 to 17 cm along the
Doppler beam. The real-time image, which includes the Dopp-
ler beam axis and the location of the range-gated sample
volume, are displayed on a video monitor. All images, Doppler
audio and analog signals, electrocardiographic lead II, and a
control voice track are recorded on a video tape recorder with
forward and reverse audio channels. A foot switch control
allows any of the displayed signals to be recorded on a
fiberoptic recording system. An on-line fast Fourier audio
spectrum analyzer is used to display the Doppler audio spectra
and to calibrate the Doppler analog signal with known frequen-
cy shifts [181.
In vitro calibration of the instrument. The in vitro calibration
of Doppler flowmeter was conducted in a specially designed
flow system and has been described in detail elsewhere [191.
Through a flexible tube (4.0 mm internal diameter, 4.5 mm
external diameter), cellulose particles (5%) suspended in dis-
tilled water to simulate the scattering properties of erythrocytes
were circulated. Analog Doppler and audio spectrum record-
ings of the spatial average velocity were obtained at selected
Reynolds numbers [18]. The Reynolds numbers and flow rates
were controlled carefully to approximate the range of hemody-
namic conditions in the human renal vein. Doppler angles, 0,
were used which were consistent to those used in the subse-
quent in vivo studies (30° to 70°). The values of the blood flow
variables determined by the Doppler flowmetric method were
compared to values obtained from flow collection data and
direct measurements of the lumen diameter.
Subjects. A control group of 12 consecutive volunteers (24
veins, 6 females) ranging in age from 19 to 38 years (mean, 29
6 years) were included in the study. Detailed studies of renal
functions were not performed on these volunteers, but each had
a normal urine analysis and a normal serum creatinine or urea
nitrogen within the last year. To ascertain the reproducibility of
the results, one volunteer was studied on 3 separate days under
similar circumstances.
Subsequently, 11 patients (22 veins, 4 females) ranging in age
from 15 to 79 years (mean, 39 21) who had urinary protein
excretion in excess of 3.5 g per day and who had undergone
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Fig. 1. Representative transverse gray scale image of abdomen showing abdominal aorta (AA), inferior vena cava (IVC), superior mesenteric
artery (SMA), portal vein (PV), and left renal vein (LRV)from a normal subject. The region where the blood velocity is measured known as sample
volume (SV) on the Doppler beam axis is shown. In the lower part of the figure, mean renal vein blood velocity in the same subject is shown. Note
the change in flow velocity with inspiration (I) and expiration (E).
renal venography prior to the Doppler flowmetry were studied
blindly. Similar to the measurements made in normal subjects,
flow velocities in the renal veins were measured and venous
channels other than the renal vein arising near hilar area
(collaterals) were sought. In addition, the renal vein diameter
was measured from the real-time image. Renal functions of
patients ranged from normal to considerably decreased as
judged by the standard endogenous creatinine clearance mea-
surements (Table 3).
In vivo measurement procedure. All subjects were studied in
the supine position and in a fasting state. This condition insured
minimal signal interference due to stomach and bowel gas. The
optimal acoustic window was generally obtained 2 to 3 cm
caudal to the xyphoid process of the rib cage along the
centerline of the abdomen [201. Initially, the long axis of the
abdominal aorta was displayed with a parallel segment of the
superior mesenteric artery viewed anteriorly. Using these ana-
tomical features as landmarks, the scanhead was rotated 90°
and moved cranially and caudally in the frontal plane until a
cross section of the abdominal aorta and inferior vena cava was
obtained. Subsequently, the long axis view of one or both of the
renal arteries was imaged. Next, the left renal vein was delin-
eated from the posteriorly placed artery. With the left renal vein
visualized, the sample volume was electronically placed in the
vein to allow uniform insonification from the anterior to the
posterior renal vein walls [11, 161. The Doppler audio and
analog blood velocity signals and the vessel image were then
recorded. Next, the transducer was moved medially and angu-
lated until the long axis of the right renal vein was visualized as
it joined the cross section of the inferior vena cava. Again,
velocity signals and vessel images were recorded. It is impor-
tant to note that the Doppler capability of the instrument allows
distinction between arterial and venous flow velocity signals.
Consequently, the various vascular features in the abdominal
cavity, such as the lumen of the renal vein, can be delineated
from the lumen of the adjacent renal artery and the vascular
channels near the hilum can be identified as being venous.
When distinct from the renal vein, these abnormal venous
channels were assumed to be collaterals.
Measured variables. From the carefully controlled sample
volume [17—191, a minimum of five analog audio spectrum
waveforms (iM) representing the spatially averaged blood veloc-
ity within the imaged renal vein were recorded. With a protrac-
tor, Doppler incident angles (± 1°) to the flow direction (0) were
also measured from the hard copy images. The flow was
assumed to be linear to the vessel wall. Due to the critical
nature of the angle measurements [11], two investigators made
independent determinations from the images, and the average
value of both angle measurements was used in subsequent
calculation of blood velocity variables. Interobserver variability
of two blind observations in measuring the Doppler angle from
the same image was 4° which would alter the calculated velocity
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Fig. 2. Transverse gray scale image and spatial average blood flow velocity (V) obtained noninvasively from right renal vein (RRV). The lack of
vascular landmarks on the right side is to be noted. The junction of RRV to inferior vena cava (JVC) is seen. Again, Doppler axis and sample vol-
time (SV) are also included. Velocity of flow in inspiration (I) and expiration (E) at the sample volume is shown in the lower part of the figure.
by a maximum of 19% from the mean of the two values of the
Doppler angle. Intraobserver variability for the Doppler angle
measurement was 2° when the Doppler angle was approximate-
ly 700. Variation in the flow velocity that could occur from this
error in Doppler angle measurement would vary up to a
maximum of 14%. Renal venous luminal diameter was also
measured from the real-time image. Dilatation of the renal vein
was considered to he present when the luminal diameter
exceeded the mean venous diameter of normal subjects by a
factor of two. Due to a large range of renal vein diameters and
variations in diameter with respiration, this structural parame-
ter was not used for determining abnormality. Venous channels
other than the renal vein near renal hilum were regarded to be
the collaterals. None of these structural alterations were taken
into consideration for the diagnosis of renal vein thrombosis
which was based only on the reduced velocity of venous flow.
Calculated variables.Using the average values of Doppler
angle and five digitized respiration cycles of analog audio
spectrum wave forms (sf), a microcomputer system calculated,
averaged (± SD), and printed the following variables: (1) the
spatial average velocity waveform (V) using the Doppler
equation:
V (cmsec )2 f• cosO
where M' is the audio spectrum analog waveform representing
the spatially average blood velocity, C is the velocity of sound
in blood, f is the transmitted frequency (3 or 5 MHz), and 0 is
the Doppler angle; (2) the maximum spatial average velocity in
the respiration cycle (Vm); (3) the temporal mean of the spatial
average velocity in the respiration cycle (V) where
- Vdt
-V =
-j-j— (cm sec
Statistical analysis. Mean and SD of the blood velocity
measurements in the normal group of subjects were calculated.
Unpaired Student's t tests were used to compare variables in
the left and right renal veins. A P value of < 0.05 was
considered significant. Standard validation statistics for nonin-
vasive procedures were also used [21].
Results: In vitro calibration. Under conditions of minimal
experimental error provided by an in vitro flow model, there
was a strong correlation (r = 0.98) between the Doppler
flowmetric measurement of spatial average flow velocity and
collection data (N = 20). The slope of the regression was near
unity (0.98) with a relatively small y intercept (7.75) and a small
SE of the estimate (13.2).
In vivo measurements. Figure 1 illustrates the left renal vein
as it lies anterior to the abdominal aorta and the left renal artery
as seen by the grayscale imaging in a normal subject. The
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Table 1. Renal venous flow characteristics of normal persons
Sex
MIF
BSA
m2
Vm
L R
cm sec
v
L R
cm sec
6/6 1.77 0.10 65.5 68.0 40.2 43.5
Mean sn
Abbreviations: BSA, body surface area; Vm, maximum spatial aver-
age velocity in the respiration cycle; V, temporal mean of the spatial
average velocity in the respiration cycle; L and R, left and right renal
venous blood velocity variables.
average velocity of flow during various phases of respiration
from the same renal vein is presented in the lower portion of
Figure 1. Figure 2 illustrates the right renal vein as it joins the
inferior vena cava from a subject. The velocity of blood flow
obtained from the same vein is also shown in Figure 2. Mean
left and right renal venous blood velocity variables in normal
subjects are given in Table 1. Table 2 contains similar data from
one individual studied on three separate occasions. Table 3
contains data regarding age, sex, velocity of renal venous blood
flow, presence of collateral venous channels, the interval
between the venography and Doppler study, endogenous creati-
nine clearance of patients and the correlation of flowmetric to
venographic conclusion regarding patency of renal veins.
Angiographic correlate of renal vein thrombosis. In an at-
tempt to establish abnormal renal vein blood velocity values,
we arbitrarily assumed a 95% confidence level value of the
mean velocity of less than 2 SD of the average value obtained
from the normal group of subjects. Consequently, in the blind
study of 11 angiographically studied nephrotic patients, a value
of mean velocity of less than 17.0 cm sec was assumed to
indicate the slowing of flow velocity due to obstruction. Using
this criterion, the sensitivity, specificity, positive predictive
accuracy, and negative predictive accuracy of Doppler flow-
metry in detecting renal vein thrombosis were calculated [21].
Figure 3 shows a comparison of the noninvasive and angio-
graphic results obtained from the 11 patients (22 veins). There
was qualitative agreement between angiographic and Doppler
flowmetric evaluation in 16 veins. Four veins were graded as
normal by venography but were assessed as thrombosed by
Doppler flowmetry, while two other veins were found obstruct-
ed by venography but were judged to be normal by the Doppler
flowmetric criteria. In these patients, since there was a time lag
between the two procedures, renal vein thrombosis may have
developed or resolved following the venography. The overall
sensitivity and specificity of noninvasive Doppler flowmetry in
detecting any degree of renal vein thrombosis was 85 and 56%,
respectively, as compared to venography. Positive and negative
predictive index values for Doppler flowmetric method are also
included in Figure 3.
Discussion. The ultrasonic Doppler flow meter has been
clinically useful in the noninvasive evaluation of cardiac [12, 13]
and peripheral arterial diseases [14, 17]. We measured renal
venous flow velocity utilizing the combined two-dimensional
real-time echo scanning and Doppler flowmetry to assess the
range of normal renal vein flow velocity. Next, the usefulness
of this method was evaluated in the noninvasive diagnosis of
renal vein thrombosis by measuring the hemodynamic alter-
Table 2. Renal venous flow characteristics of a person with normal
renal veins obtained at three different times
Sex (Age)
BSA
m2
Vm
L R
cm sec
\'
L R
cm sec'
F (24)
F (24)
F (24)
1.71
1.71
1.71
82.2 79.7
78.6 93.2
71.2 67.9
53.2 53.8
55.5 57.9
40.4 44.6
Mean SD 1.71 77.3 80.3 49.7 52.1
Abbreviations are defined in Table 1.
ations in renal veins of patients who had undergone renal
venography.
Noninvasive characterization of renal venous blood flow
velocity requires the three following steps: (1) imaging the renal
vein, (2) determination of the relative angle between the Dopp-
ler beam axis and the blood flow axis of renal vein, and (3)
measurement of the average flow velocity within the vessel
lumen. The first two can be accomplished by the dual frequency
Duplex flowmeter [12—14]. Sample volume control [15, 16] with
careful audio spectrum analysis allows an accurate measure-
ment of average spatial velocity of blood flow within the vessel
lumen. The renal venous maximum flow velocity in normal
subjects was found to be 66.5 12.8 cms sec'. The mean
renal venous flow velocity in normal persons was 40.2 10.9
cms sec' forleft and 43.5 13.9 ems sec' forthe right renal
veins. Although it would be desirable to compare these values
obtained by the Doppler method to the velocities derived from
other methods, such as electromagnetic flowmetry, the flow
velocity measurements in human renal veins have not been
reported previously. Given the lumenal diameter and mean
velocity, total renal venous flow can be calculated. However,
we wish to emphasize that, unlike the arteries, venous luminal
diameter is not always circular and the diameter varies with
respiration. Hence, the total renal blood flow estimates are
presently subject to considerable error, and these measure-
ments await improved technique.
To differentiate the obstructed from patent renal veins, we
utilized a value of mean velocity (V) of zero to 17.0 ems sec'
to indicate obstruction. This range is below 2 SD of the mean
velocity value obtained from a group of normal subjects. The
maximum of this velocity range is approximately 50% of the
mean velocity obtained in the normal group (Table I). The
overall sensitivity (85%) and specificity (56%) of the Doppler
flowmetric method as compared to venography is at a clinically
acceptable level for a noninvasive procedure in this initial
study. This approach for the diagnosis of renal vein thrombosis
is novel in the sense that hemodynamic alterations instead of
the structural changes were the only criteria utilized to detect
renal vein thrombosis. The method has the advantage of being a
noninvasive, non-ionizing procedure. However, the specificity
of the method is low, and since the prevalence of renal vein
thrombosis in nephrotic patients is also low, this method may
be useful to noninvasively screen and select patients for a
definitive invasive procedure. It may be the only method for
following the evolution of proven renal vein thrombosis since it
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Abbreviations: BSA, body surface area; Ccr, creatinine clearance; V,,,, maximum blood flow velocity; V, average blood flow velocity; TP, true
positive; TN, true negative; FP, false positive; FN false negative; L, left; R, right; +, present; —, absent.
D+
v-4 v—
TPSensitivity TP + FN = 85% = TP ratio
TNSpecificity TN + FP = 56% = TN ratio
TPPositive prediction index = TP + PP =
TNNegative prediction index = TN + FN =
Fig. 3. Comparison of venographically patent (V—) and thrombosed(V+) renal veins to the patent (D—) and thrombosed veins (D+) by
Doppler flowmetry. Abbreviations are: TP, true positive; FP, false
positive; FN, false negative; TN, true negative.
can be performed repeatedly. In addition, it has the ability to
provide unique hemodynamic data. Conditions which reduce
renal blood flow, such as arterial narrowing and increases in
renal vascular impedance due to parenchymal disease, may
reduce the velocity of renal venous blood flow and result in
false positive studies. Changes in renal vascular impedance due
to parenchymal disease may have resulted in three of our four
false positive studies. The creatinine clearance in these three
patients ranged from 31 to 63 ml/min (Table 3). To differentiate
renal venous obstruction from other slow flow conditions,
structural alterations, such as renal vein dilatation to more than
double the average renal venous diameter and collateral venous
channels, if found, may be helpful. We did not use the structural
criteria in this correlative study with angiography. Neverthe-
less, renal venous dilatation was found in four veins. Collateral
venous channels were seen in six instances in patients with
angiographically suggested renal vein thrombosis (Table 3).
Radiographs were obtained only in a single plane in these
venographic procedures. The limitations of angiographic proce-
dures done in one plane are being increasingly recognized [221.
Similar limitations would be expected to remain for the angio-
graphic study by digital video subtraction [231. Despite the well
recognized limitations of renal venography [101, we have cho-
sen to regard angiography as the standard.
The limitations of the noninvasive flowmetric method have to
be clearly recognized. Considerable operator skill and patience
is required to obtain technically adequate results. Studies were
deemed to be technically adequate when both walls of vessels
and surrounding anatomical landmarks could be clearly imaged,
and the Doppler audio signal to noise ratio was greater than
10:1. In thin, young, normal subjects, renal veins could be
imaged and satisfactory Doppler studies could be performed in
all 24 veins studied. However, in 14 consecutive patients, we
could not obtain technically adequate results in 6 of 28 veins,
even after a repeat attempt. In 3 of the 11 successful studies a
repeat examination was required.
In two instances the method gave false negative results.
Although the reasons for these negative results are unclear,
three possibilities should be considered. First, there was a time
interval of several months between the radiographic and the
ultrasonic studies. Whether or not the blood clot resolved in the
interval cannot be answered, because a repeat radiographic
study simultaneous with the ultrasonic study was clinically not
indicated and was not performed. Second, small clots that do
not change renal vein hemodynamics will not be detected by
this method. Lastly, we used only one hemodynamic parame-
ter, mean velocity of flow, as the criterion for differentiating
obstructed from patent veins,
Despite these limitations, our initial results from a small
group of patients point to the potential usefulness of this
noninvasive procedure. With further experience, a suitable
combination of hemodynamic alterations and structural criteria
may evolve and improve the sensitivity and specificity of this
noninvasive approach for the diagnosis of renal vein
thrombosis.
We conclude that Doppler flowmetric method may be utilized
(1) to select patients for renal venography, (2) to follow the
course of known renal vein thrombosis, and (3) to obtain
hemodynamic data from normal and abnormal renal veins in
some patients.
Sex Age
MIF years
BSA
Table 3. Summary of data from nephrotic patients showing body surface area, creatinine clearance, time interval between two studies, blood
flow velocities, and correlation between two studies.
C Timeinterval Collaterals_________ Vm, cm sec V cm sec' Correlation
mi/mm months L R L R L R L R
M 27 1.74
M 28 1.92
M 58 1.90
M 21 1.87
M 40 1.83
M 64 1.70
F 46 1.68
M 15 1.52
F 17 1.58
F 39 1.83
F 79 1.91
52 2 + 7.9 62.0 5.3 43.9 TP TN
85 13 + — 16.8 0.0 12.3 0.0 TP TP
35 <1 — — 17.2 49.6 10.1 32.3 FP TN
166 <1 + — 11.3 51.7 8.2 38.6 TP TN
33 6 + 0.0 68.7 0.0 48.5 TP TN
64 <1 — — 33.4 15.2 26.3 13.7 TN TP
98 <1 + — 19.2 21.8 12.6 15.8 TP FP
31 6 — — 5.5 13.8 3.6 11.4 TP FP
42 4 + 33.2 20.7 28.9 13.2 FN TP
63 4 — + 0.t) 15.5 0.0 l0.9 TP FP
74 8 — — 0.0 38.9 0.0 27.3 TP FN
11 4
TP FP
FN TN
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